surgery. Hallucination occurred in one completely cured patient on day one.
Introduction
TSDAVFs are mostly abnormal communications between the dural branches of the internal and/or external carotid artery, the vertebral arteries, and the sinus. The connections between dural arteries and dural veins empty the sinus involved. The essential lesion of the DAVFs is within the sinus wall 1 . Transvenous or direct sinus packing offer a radical and safer alternative to surgical treatment, but still require long-term follow-up 2 . Conditions associated with the development of DAVFs include pregnancy, sinusitis, trauma, and surgery 3, 4 . TS-DAVFs have been classified according to the type of cerebral venous drainage (the UCSF grading system) 5 . Intravenous sinus packing is an option for Grade 2 TSDAVFs without cortical venous drainage. For Grade 2 TSDAVFs with cortical venous drainage and Grade 3 TS-DAVFs, we typically recommend surgical isolation of the sinus after intravenous embolization. Grade 4 lesions are treated by surgery after intraarterial embolization.
Summary
Transverse/sigmoid sinus (TS) is the most common location for cerebral dural arteriovenous fistulas (DAVFs) . Most of them are cured by venous embolization or a combination of arterial embolization and surgery/radiosurgery. Our goal was to reconsider the endovascular treatment strategy of TSDAVFs according to the new possibilities of arterial embolization using Nineteen patients with TSDAVFs were included in a prospective study between 2004 and 2007 . Three of them had type I, four had type IIa, six had type IIa+b, three had type III, and three had type IV fistulas. Three presented with subarachnoid hemorrhage. The approach routes, angiographic results, complications, and clinical outcome were assessed. The mean clinical follow-up period was 32.5 months.
In one patient, the DAVF had been obliterated spontaneously at ten month follow-up. Complete angiographic cure was obtained in nine cases with one case of progressive thrombosis. Of these ten cures were achieved after a single procedure in seven out of ten patients who had not been embolized previously. Three patients were cured with sinus packing with prior arterial embolization. Among these 19 patients, 15 underwent follow-up angiography which confirmed the complete cure. Partial occlusion was obtained in nine patients, one was cured after additional surgery, and one underwent radio-
The goals of treatment are the prevention of risks and the elimination of symptoms caused by the arteriovenous shunt. In general, treatment of such fistulas primarily involves an endovascular approach, and if this fails, surgical or radiosurgical approaches are used [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The venous approach was first consideration previously and arterial embolization is added if needed 9, 17 .
The transvenous embolization approach should be chosen only after careful analysis of the angiograms, with both the arterial supply and venous drainage being noted 9, 13, 18 . Resection or occlusion of a functionally dependent sinus can be associated with venous infarction. The sinus segment chosen for obliteration must not be necessary for normal venous drainage. Patients at lower risk have traditionally been treated more conservatively, with attempts at carotid artery compressive therapy or palliative arterial embolization. However, transarterial embolization using a new nonadhesive liquid embolic agent (Onyx-18, ev3, Irvine, CA, USA) seemed to change this modality 7 . We evaluated intraarterial and intravenous embolization techniques for the treatment of TSDAVFs.
Patients and Methods
The charts of 19 18 , the TSDAVFs were of Type I (n=3), Type IIa (n=4), Type IIa+b (n=6), Type III (n=3) and Type IV (n=3). Fifteen patients were monitored with intraarterial angiography.
The following parameters were recorded for each procedure: the type of every embolized pedicle, any clinical complications, and the immediate angiographic result.
Bilateral selective ICA and ECA angiography and vertebral artery angiography were performed for all patients, for assessment of the feeding arteries, the fistula sites and the venous drainage. All patients underwent endovascular treatment under general anesthesia. The anticoagulation protocol was 20 IU/kg of bolus heparin at the commencement of the procedure, then continuous infusion to keep the activated clotting time (ACT) at approximately twice the normal value. Intraarterial Onyx embolization is performed primarily. Intravenous sinus packing is an option for the affected sinus is isolated or exhibits prominent retrograde drainage to the cortical veins and is not a functional part of the venous circulation.
Intraarterial embolization technique A 6F guiding catheter placed in the parent artery (Envoy; Cordis, Miami Lakes, FL, USA); superselective catheterization of ONE arterial feeder using a microcatheter compatible with Onyx very slow injection of Onyx under subtraction fluoroscopy; and then removal of the microcatheter by rapid withdrawal [19] [20] [21] .
Intravenous embolization technique
We first placed 6-French sheaths in the femoral artery and vein. A 5-French catheter in the carotid artery allowed observation of the shunt, acquisition of roadmaps and angiographic monitoring of the procedure. A second 5-French catheter was positioned in the jugular vein. A microcatheter (Echelon, MTI-EV3, Irvine, CA, USA) was navigated coaxially via internal jugular approach. The microguiderwire was then carefully introduced and advanced to the fistula portion, followed by the microcatheter, as described previously 22 . All embolizations were performed with electrically detachable coils and/or fiber coils, using real-time digital subtraction fluoroscopic mapping.
Follow-up
Follow-up angiography was obtained in 15 cases from three to ten months and clinical follow-up periods for this group ranged from four to 36 months.
Results
The clinical data, the results of diagnostic imaging, and the angiographic results are summarized in Tables 2 and 3 .
No reflux
In our series three fistulas were Type I without venous reflux. Two patients reported a history of pulsatile tinnitus and one presented with subarachnoid hemorrhage (SAH). Arterial supply to the fistulas included the middle meningeal artery (MMA) (n=3), the post meningeal artery(PMA) (n=1), and the occipital artery (OA) (n=2). Two patients underwent transarterial embolization of the MMA with Onyx-18. In one of the three patients, postinterventional angiography showed complete occlusion of the fistula; one patient had residual shunt. The other patient was observed.
Reflux through the sinus
Ten fistulas were Type IIa and IIa+b with sinus reflux. Six patients reported a history of pulsatile tinnitus, three presented with visual disturbance, three had intracranial hemorrhage and two had headaches. Arterial supply to the fistulas included MMA (n=9), PMA (n=9), OA (n=10), the meningohypophyseal trunk (MHT) (n=6), the posterior auricular artery (PAA) (n=6), the superficial temporal artery (STA) (n=4), the lateral tentorial artery (LTA) (n=3), the internal maxillary artery (IMA) (n=2) and the superior cerebellar artery (SCA) (n=2).
Seven patients underwent transarterial embolization of the supplying arteries alone (Onyx-18). In three of those patients, postinterventional angiography showed complete occlusion of the fistula; four patients had residual shunt. A combination of transarterial and transvenous intervention was performed in three patients, postinterventional angiography showed complete occlusion of the fistula in three patients.
Reflux straight into a cortical vein
Six fistulas were Type III and IV with cortical vein reflux. One patient reported a history of pulsatile tinnitus, one presented with chemosis, two had intracranial hemorrhage and two had headaches. Arterial supply to the fistulas included MMA (n=7), PMA (n=3), OA (n=4), MHT (n=2), PAA (n=3), STA (n=2), the posterior cerebral artery (PCA) (n=2), the middle cerebral artery (MCA) (n=1) and the inferoposterior cerebellar artery (PICA) (n=1). Six patients underwent transarterial embolization of the supplying arteries alone (Onyx-18). In three of those patients, postinterventional angiography showed complete occlusion of the fistula; three patients had residual shunt. Additional treatments of radiosurgery and neurosurgery were performed for two patients.
Angiographic results at follow-up
Follow-up angiography was obtained three to ten months after the last treatment (embolization or surgery/radiosurgery) in 15 patients showing a complete cure in 11 of them (including one patient after surgery). The patient who underwent radiosurgery will be followed by angiography for three years. Three patients refused follow-up angiography.
Clinical complications
Cardiac Onyx migration in one patient with Type I TSDAVF was treated with thoracic surgery. One patient complained of hallucination on the day after arterial Onyx embolization and recovered spontaneously.
Clinical outcome
All patients returned to independent clinical status during the follow-up period, which ranged from four to 36 months (mean, eight months). Clinical outcome was graded according to the Rankin Score (mRS), modified as follows: 0 [neurologically intact, n=12 (63.2%)]; 1 [mild symptoms without neurological deficits that does not interfere with daily functioning or work, n=7 (36.8%)]. There was no morbidity.
Discussion
DAVFs have diverse clinical symptoms such as benign pulsatile tinnitus to seizures, visual disturbances, tinnitus, dementia and catastrophic intracranial hemorrhage 1, 3, 15, [23] [24] [25] [26] [27] . The most common symptoms of TSDAVFs were pulsatile tinnitus (81% of cases), headaches (15% of cases), and intracranial hemorrhage (10% of cases) 28 . This series validated the cortical venous drainage grading system for pretreatment morbidity. The indication to treat a TSDAVF in the presented series was related to relevant clinical symptoms (e.g., pulsatile tinnitus) and/or to angiographic findings such as cortical venous drainage.
The management of DAVFs in general may include conservative treatment, stereotactic irradiation, endovascular intervention, and microsurgery 16, 18, 29, 30 . In the early 1990s, since the experience with intracranial coil placement was limited, the predominant endovascular procedure to treat TSDAVFs was transarterial embolization 17 . Feeding artery embolization of external carotid artery branches with particles or liquid embolic agents is easily performed and may reduce the arteriovenous shunt. However, complete cures are sometimes difficult to achieve with this method because of the existence of feeding arteries that cannot be catheterized and the recruitment of blood supply from collateral arteries 8, 9 . Therefore, this approach is mostly used to relieve symptoms or in combination with other procedures such as transvenous embolization, surgery, or irradiation. Halbach et Al 9 reported on 17 patients who had transarterial embolization using a variety of occlusive agents, primarily NBCA, and ten (59%) of these patients were cured. In our series, we treated 16 patients with transarterial embolization alone with Onyx-18, which is now used as an alternative to cyanoacrylates in many brain arteriovenous malformations (AVMs).
The main advantage of Onyx is the ability to make a good penetration of the fistula via a long-duration injection through one pedicle 31, 32 . This results in progressive filling of the arteriovenous network and veins with arterio-arterial retrograde migration of the agent, which avoids the need for multiple catheterizations and embolizations. Indeed, we found that it was far more efficient to gain access through the middle meningeal artery, even when the diameter was very small, than through other more dilated feeders (eg, occipital and posterior auricular arteries) due to the superior flow control and Onyx progression 7, 31 . Literature series of transvenous (with or without transarterial) procedures reported complication rates between 10% and 42% 17, 33 . Our overall complication rate was 5.3% (n=1).
No reflux
In our series, we encountered three patients with pulsatile tinnitus or headache and a benign venous drainage (Cognard type I). Two were treated via transarterial approach and one was observed. This results in one postinterventional complete occlusion, one follow-up occlusion, and one residual shunt. Two of these three patients were clinically cured and another showed symptom relief.
The risk associated with the use of Onyx in treatment of TSDAVFs is excessive venous passage 34 . The risk in these sinus-type DAVFs was migration of Onyx from the sinus to the arterialized draining veins, which may cause distal venous occlusion and consequent venous infarction or hemorrhage. In the present cases, Onyx migrated into the right cardiac ventricle via the internal jugular vein. Arterial emboliza-tion can also be safe and effective to reduce the shunted blood flow and to facilitate subsequent transvenous embolization or surgery. Spontaneous regression of TSDAVFs is relatively rare (maximum 5% of patients) and usually occurs following a hemorrhage as in our patient 35 .
Reflux through the sinus
In our series, we treated ten patients with sinus reflux (Cognard type II). Transarterial embolization alone was indicated in seven patients and in three patients as adjunctive therapy for transvenous coil embolization. The occlusion rate was 60%; 40% of these patients were clinically cured and another 60% showed symptom relief.
Reflux straight into a cortical vein
We treated six patients with dangerous venous drainage (Cognard type III and IV), which were not accessible by a transvenous approach. The occlusion rate was 50%(3/6).
Conclusions
Arterial Onyx embolization is now frequently used as the first treatment for TSDAVFs, and complere cure is possible. Onyx arterial embolization may be performed as an alternative to retrograde venous catheterization. A combination of arterial, venous and surgery as well as radiosurgery, if necessary, is then indicated to prevent intracranial hemorrhage.
